Polymer modified asphalt is a typical two-phase blends, and analyzing the phase structure is the most effective way to study its modification mechanism and modification effect. Four microscopic morphological parameters were extracted from fluorescence microscope microscopic images of SBS modified asphalt through professional image processing and analysis software. Then we analyzed each microscopic morphological parameter and corresponding phase structure. The results showed that the area-max is more suitable than the other parameters in characterizing the phase structure of SBS modified asphalt. Area-max 2500μm 2 and 13000μm 2 can be regarded as the critical point of phase transition. Modifier content is the most direct reason for the phase structure changes of polymer modified asphalt. The structure of the polymer phase would not change with the shearing time normally, but in the vicinity of the phase transition critical point, shearing time would have a significant influence on phase structure.
Introduction
Due to it's outstanding performance，Polymer modified asphalt has been widely used in high-grade asphalt pavement (1) (2) (3) , the structure of polymer is an determinant factor of the modification effects (4) . Therefore, the study of structure of polymer modified asphalt has a great significance in practical applications (5) (6) (7) (8) . By using the fluorescence microscopy, Weidong Huang and Lijun Sun (9) in Tongji university find that polymer modified asphalt can be divided into three basic types based on the continuous of phase structure : The first one is a continuous asphalt phase and a discontinuous polymer phase; The second one is a continuous polymer phase and a discontinuous asphalt phase; The third one is continuous polymer phase and asphalt phase with interlock structure between them. Nahas (10) thinks that besides the three kinds of structure above, the polymer which dissolves in asphalt will appear in the single phase structure as the polymer content is low. The matrix asphalt properties, the types of the polymer, contents and blending process have an effect on phase structure in some degree. As a result, a lot of research on phase structure of polymer modified asphalt mainly depend on visual inspection or a turning point of macroscopic properties to explain the change of phase structure (11) . They are all limited in qualitative description and it is difficult to be used in model and the evaluation of modified asphalt, the value is difficult to reflect in practical applications (12, 13) .
This paper used the microscopic images of SBS modified asphalt collected by the fluorescence microscope and the image analysis software to obtain microscopic parameters of modified asphalt, then the relationship between microscopic morphological parameters and phase structure will be analyzed and the appropriate microscopic parameters which can characterize the phase structure will be given too.
Materials
In this paper, Jinling 70# matrix asphalt and the modifier (YH791, linear SBS polymers) which was produced in Yueyang petrochemical company were used to prepare a number of modified asphalt samples, the technical parameters are presented in 
Preparation of SBS polymer modified asphalt samples and pretreatment
SBS polymer modified asphalt samples were prepared with Jinling 70 # matrix asphalt and SBS polymers with different loading levels (3%, 4%, 5%, 6% and 7% by weight of modified asphalt) by mechanical mixing using a high shear mixer. under the condition of 170±3℃, using the type of FA25 high-speed shear machine (Shanghai, China), samples can be obtained with A speed (10000 rpm) under the different shearing time, then preparing the samples through the test (14) and waiting for collecting microscopic images after it was cooled down fully. The acquisition of SBS modified asphalt microscopic image needs the fluorescence microscope. In order to enhance the visibility of the polymer phase and asphalt phase and extract microscopic parameters more convenient, we need to collect and gather the images after a series of process. In this paper, we make fluorescence microscopic images pretreatment by using the image acquisition software and MATLAB software which included: expanding the depth of field, image enhancement, object segmentation, filtering de-noising, binarization and so on. 
The quantitative characterization of polymer morphology
Microstructure of the polymer modified asphalt determines its macroscopic properties, Aihong Kang (15) thinks that modifier particles such as shape, size, area percentage all affect the performance of the polymer modified asphalt. Daquan Sun (16) find inflection point of the content of modifier -softening point curve by macroscopic test, and determine the phase transition point. Zuguang Liu (17) , through a fluorescence microscope pictures concluded that when the mass fraction of SBS is less than 5%, the approximate globule were separated from each other, when the points reach 7% or more, the quality of the SBS form a continuous phase. Through the analysis of figure 2.1, we found that when the content is less than 4%, SBS modified asphalt all assumes the circular point, when the content of 5% -6%, modifier grew into strips, when the content of 6%-7%, partial mesh structure begin to form. These changes in morphology, will surely lead to the change of microscopic shape parameters, phase transformation point features should be similar to microscopic morphology characteristic parameter change point.
selecting quantitative characterization of microscopic parameters
In order to determine appropriate microscopic morphology parameters to characterize the change of the phase structure, this paper selected the aspect ( L max ), area percentage( P), fractal dimension (D), Area-max( A max ), this four microscopic morphology parameters were analyzed and as were presented in figure 4.1 to 4.4. We can see from the figures: Aspect increase gradually with the increase of content, but the variation is larger, it is difficult to determine the change point, there is little correlation between microstructure change; Modifier particles area percentage is roughly linear increase, when the content is less than 5%, the growth of rate is slower than content is more than 5%, growth rate decreases correlation with changes in the microstructure is small; Fractal dimension wave of change with the increase of content, do not tally with the microscopic structure change; When content is less than 4%, Area-max slowly growth , when the content increase from 4% to 6%, the change is accelerated, when the content increase from 6% to 7%, it increases sharply, image clearly point and microstructure changes. Therefore, Area-max was selected as a characterization of morphology change of microscopic parameters.
Based on analysis of microscopic parameters of morphology change
According to the division of the microscopic parameters phase structure of polymer modified asphalt, a combination of collected microscopic images for finding out the morphology change point is required. The 2700 pictures according to the Area-max from small to large sort, and numbered in turn i N（ i =1,2,3......， 2700） . Then, all the microscopic images should be classified according to the morphology. According to the study, when 1390 i < , the image of asphalt and polymer dispersed structure is continuous. When1390 2480 i < < , a continuous two-phase or interlocking structure will form. When 2480 i > , a continuous polymer and asphalt phase dispersed structure will form, looking up the Area-max from the images in turn which were numbered 1390 N , 2480 N . The result is presented in figure 4 .5.
To determine the critical point of phase transformation is polymer particles largest area of 2500μm 2 and 13000μm 2 .
When vision within the polymer particles biggest area of less than 2500μm 2 , asphalt is continuous but polymer is dispersed. When vision of the biggest polymer particles area is between 2500μm 2 and 13000μm 2 , polymer modified asphalt gradually formed a two-phase continuous or interlock structure. When vision of the biggest polymer particles area is more than 13000μm 2 , polymer gradually forms a space network structure, and then phase gradually continued but asphalt is gradually dispersed. We can define that the first category is asphalt continuous and polymer dispersed, the second category is two-phase continues or interlock structure, the third category is polymer continuous and asphalt dispersed. That is:
Fig4.2 Relations between P and modifier content The results showed that with different modifiers, using microscopic parameters expression transformation point has certain differences. But it can be found: even for different kinds of matrix asphalt and modifier, when the Area-max is less than 1500μm 2 , it can only form a asphalt continuous and polymer dispersed structure and it is difficult to form a continuous two-phase or interlocking structure. When the Area-max is more than 15000μm 2 , it can form a continuous polymer and asphalt dispersed structure. 
Based on the macro performance analysis of phase structure change

Fig3.1 Preprocessed images
The macroscopic properties and microstructure of polymer modified asphalt are linked closely; the essence of the changes in the macroeconomic performance is the changes in microstructure. With the increase of the content of modifier, the macroscopic properties are directly affected, the microstructure will change affirmly. Isacsson (18) believes that, with the increase of content of SBS modified asphalt, polymer modified asphalt phase structure is as follows: Continuous asphalt but dispersed polymer, tow-phase continues or interlock structure, continuous polymer but dispersed asphalt. The R.Blanco (19) found that: There is a critical SBS content : CPi, when the content of SBS is greater than CPi, it will be reversed. In order to broadly analyze the transformation point of polymer modified asphalt and the change regulation of phase state. In this study, rut factor in different content of polymer modified asphalt were tested respectively, which was presented in figure 4.6.
We can see from figure 4.6: when the modifier content is less than 4%, the growth of rut factor is slightly and roughly accords to linear growth, and the polymer phase is dispersed. When the content in the range of 4%-6%, rut factor of modified asphalt with the increasing of modifier content increase faster, it roughly present a exponential growth. Polymer phase and the asphalt phase are a continuous two-phase or interlocking structure. When the content of transition from 6% to 7%, the trend of its rut factor shows a fastest growth, and polymer forms a continuous phase gradually. That is: the first category (0, 4.5%) the second category (4.5%, 7%) the third category (7%, )
Effects of shearing time on phase structure
Disperse state of modifier in asphalt is affected by blending technology (20) , The difference of process parameters result in the same content of modifier produces different micro morphology. This paper analyzes one of the factors: Effects of shearing time on polymer phase structure, establishing the relationship curve about the Area-max and the shearing time, as were presented in figure 4 .7-4.8.
As we can see from figure 4.7-4.8, the Area-max will change with the growth of shearing time, and that is to say the shearing time influences the Area-max. When the content is less than 4%, the Area-max will be less than 1000μm 2 regardless of the length of shearing time, and the polymer phase can only form a dispersed phase that is a single phase and continuous system and shearing time will not cause the change of phase structure. When the content between 5% and 6%, although the Area-max is changing, it does not cause changes of phase structure. When the content is 7%, the phase structure changed with the growth of shearing time. Because of it, we can see that shearing time does not change the phase structure of polymer modified asphalt generally, but around the critical point of the phase transition, shearing time will have a certain impact on the phase structure.
Conclusions
After polymer and matrix asphalt have been blended, the composition and phase structure of asphalt became very complex. In the process of researching polymer modified asphalt phase structure, we need to consider the modified and modifier content asphalt macroscopic properties and the subjective identify about microscopic image combined with the morphological parameters of fluorescence microscopy to indicate the phase structure quantitatively. The four kinds of microstructure parameters have been compared in this paper, we find that using Area-max to identify the phase structure of SBS modified asphalt is appropriate, and providing Area-max which are 2500μm 2 and 13000μm 2 to be the critical point of the phase transformation from the micro morphological parameters, and given the modifier content which is 4.5% and 7% as the critical point of the phase transformation at the macro level. The modifier content is the most direct factor of the change of phase about structure polymer modified asphalt, in general, shearing time will not change the phase structure of polymer, but shearing time will have a certain impact on the phase structure when the phase transition around the critical point.
